Abstract: AAC Noranda is a white-hulled, spring oat (Avena sativa L.) cultivar bred by the Ottawa Research and
OA338/Laurent and that of 08987 is 07836-2-9-2-1a-18/ OA1042-7. The parentage of the cross 07836 is Capital/ Tamo-312//Capital/3/Capital//Capital/Coker234. The adaptive cultivar Capital (Humphreys et al. 1994 ) appeared multiple times in the parentage of Noranda, while Coker 234 and TAM-312, known to carry the crown rust resistance genes Pc61 and Pc59, respectively (Simons et al. 1978) , were used to introduce crown rust (Puccinia coronata Corda f. sp. avenae Eriks.) resistance to the breeding population. OA1042-7 was derived from a complex cross; one of the parents in the cross carries the crown rust resistance gene Pc48.
The F 1 to F 5 plants were grown in the greenhouse from 2005 to 2007. Five F 1 plants were grown, three seeds from each were grown into 15 F 2 plants, and these were advanced by single-seed descent to the F 3 generation. Two seeds from each of F 3 plants were grown into 30 F 4 plants and two seeds from each of these were grown into 60 F 5 plants. Forty-eight plants were individually harvested and grown into F 6 hill plots in 2008. Four of these 48 hills were visually selected and each hill was bulk harvested. The harvested seeds (F 5:7 ) were grown into double-row observation plots in 2009 and the line coded 09162-5-1-1-1-1 was visually selected and bulk harvested. The visual selection considered plant height, maturity, crown rust resistance, lodging resistance, and yield potential in the field, plus kernel size, shape, colour, and uniformity in the seed lab.
The line 09162-5-1-1-1-1 was entered into the ORDC Home Test in 2010, which was conducted at three eastern Canadian locations (Ottawa, ON; Normandin, QC; and Harrington, PE), with two replications at each location. Based on grain yield and quality data, it was advanced to the ORDC Preliminary/Nationwide Test under the name OA1357-2 in 2011 and further to the ORDC Oat Registration Trials in 2012, 2013, and 2014. The Preliminary/Nationwide Test and the Registration Trials included 10-11 test locations each year covering Ontario, Quebec, and Prince Edward Island in eastern Canada and Manitoba, Saskatchewan (2011 only), and Alberta in western Canada; the test locations used in each year are listed under Table 1 . Four replicates were used at the Ontario sites and three were used at the other sites. In addition to grain yield, agronomic, quality, and disease data were also collected in some or all of the trials. Fifty plants were raised in 50 pots in the greenhouse in the fall of 2012, using random seed harvested from the 2012 seed plot. Twenty-four of these were selected for more plump seed and were grown into 24 hills in 2013. This selection did not reduce the betaglucan level of the cultivar. These hills were individually harvested and grown into 24 plots in 2014. No major differences were observed among these plots, so they were bulked for Breeder Seed production in 2015.
Performance
The official check cultivars in the ORDC Oat Registration Trials, as determined by OCCC, were Bradley, Oscar, and AC Rigodon in 2012 and 2013. In 2014, AC Rigodon was replaced with Vitality. This change led to unbalanced genotype × environment data across years. To deal with this problem, the yield data are summarized yearly. GGE biplots (Yan 2001 ) are used to show any genotypes × location interactions in grain yield. The other traits were also analyzed and reported by year.
In 2012 AAC Noranda yielded significantly higher than Oscar but not the other two check cultivars when viewed across locations (Table 1) due to dramatic genotype × location interaction, as shown in the GGE biplot (Fig. 1) . It yielded higher than all checks at five of the locations (particularly Normandin and Princeville, QC, and Harrington, PE) but lower than Bradley or Oscar at the other locations. In 2013, AAC Noranda yielded significantly higher than Oscar and Bradley across locations but not significantly higher than AC Rigodon (Table 1) . The GGE biplot (Fig. 2) shows that AAC Noranda was the highest yielder at all locations except a few (Kincardine and New Liskeard, ON, and Princeville, QC) where the tested cultivars did not differ much in grain yield, as indicated by their close placement to the biplot origin. In 2014, AAC Noranda yielded significantly higher than Oscar and Bradley across locations but not significantly higher than Vitality. The GGE biplot (Fig. 3) shows that AAC Noranda was or nearly was the highest yielder at all locations except at Normandin, QC, where Vitality had the highest yield.
AAC Noranda continued to show good yield performance after its release. In the 2015 and 2016 OCCC Oat Performance Trials AAC Noranda yielded 4% higher than the trial mean in Areas III and V in Ontario. In the 2015 and 2016 Quebec Oat Registration and Recommendation trials it yielded 10% higher in Zone 1 Note: LSD, least significance difference, treating each trial as a replicate. a Groat was determined using a Codema dehuller based on 50 g of grain samples. Beta-glucan, oil, and protein levels were based on near-infrared reflectance predictions of dehulled oat grain (groat). a Zero means lack of symptom and 9 means maximum possible symptom. of Quebec than the mean of the check cultivars Dieter, AC Rigodon, and Synextra (these check cultivars yielded similarly to each other). In an oat test conducted in 2014 and 2015 at 12 test locations in western Canada plus two test locations in North Dakota sponsored by PepsiCo, AAC Noranda achieved a yield index of 102, in comparison to 100 for Leggett, 99 for CDC Dancer, and 99 for AC Morgan.
AAC Noranda headed three or more days (P < 0.05) later than the check cultivars (Table 1) . It had the same plant height as Bradley and was taller than Oscar but shorter than AC Rigodon and Vitality. Its lodging resistance was similar to the checks in 2012 and 2013 but was significantly better than he checks in 2014 (Table 1) .
Quality parameters AAC Noranda had the same level of test weight as the check cultivars in 2013 and 2014 although its test weight was lower than the checks in 2012 (Table 2 ). Its kernel weight was similar to Bradley and AC Rigodon, larger than Oscar, and smaller than Vitality (Table 2 ). Its groat percentage was slightly higher than AC Rigodon but significantly lower than Bradley, Oscar, and Vitality (Table 2) . AAC Noranda had distinctly higher beta-glucan content than all check cultivars (around 5% as opposed to 4.3% for the checks, Table 2 ). Its oil content was lower than the upper limit required by the milling industry (8.5%) and its protein content was the same as the check cultivars (Table 2) . High beta-glucan oat cultivars tend to have lower grain yield, lower groat, and (or) higher than desired oil level; however, AAC Noranda appears to have combined high beta-glucan content with good levels of grain yield, groat, and oil.
Resistance to crown rust and other diseases AAC Noranda had significantly better crown rust resistance than all check cultivars in 2013 and 2014 (Table 3) . Its resistance was likely inherited from the winter oat varieties Coker 234 (Pc61) and (or) TAM-312 (Pc59), which are in its ancestry. Greenhouse testing indicated that AAC Noranda was resistant to all six crown rust races tested (Table 4) , which collectively possess virulence to crown rust resistance genes Pc38, Pc39, Pc40, Pc45, Pc46, Pc48, Pc51, Pc52, Pc54, Pc56, Pc59, Pc68, Pc91, Pc94, and Pc96. Limited data indicate that AAC Noranda was similar to AC Rigodon and Vitality in response to septoria leaf blight and to all check cultivars in response to barley yellow dwarf virus (Table 3) .
Other Characteristics

Seedling characteristics
Coleoptile colour: green. Seedling growth habit: intermediate. Leaf blade pubescence: glabrous. Leaf sheath pubescence: glabrous.
Plant characteristics at booting stage
Leaf colour (observed on the second and third fully expanded leaves from the top): dark green. Leaf waxiness: slight to pronounced. Flag leaf attitude: intermediate. Flag leaf length: medium to long. Flag leaf width: narrow to medium.
Plant characteristics after heading
Stem colour at maturity: yellowish-white.
Panicle characteristics
Panicle shape: equilateral. Panicle density: intermediate. Panicle length: medium to long. Panicle branch position: between erect to horizontal. Number of panicle whorls: 6-7. Side branch angle (angle between rachis and dominate side branch): less than 30°. Rachilla length: medium. Rachilla pubescence: pubescent.
Spikelet characteristics (from upper region of panicle)
Spikelet separation: semi-abscission. Spikelet attitude: semi-nodding. Glume colour at maturity: between white and yellow.
Lemma and palea characteristics
Lemma length: short (12-15 cm). Lemma tip shape: medium pointed. Lemma colour at maturity: cream. Lemma awn presence: medium frequency. Lemma awn shape (if present): twisted.
Kernel characteristics
Seed length: medium. Seed width: medium. Seed colour: cream. Kernel basal hair: absent. Groat pubescence: pubescent.
Maintenance and Distribution of Pedigreed Seed
Breeder Seed of AAC Noranda will be maintained at the Seed Increase Unit of AAFC in Indian Head, SK S0G 2K0, Canada.
